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'i'his invention relates to a prooeas fox tho 
taarmJCwotvj^ or hydrated calcium silicates. Move 
parti cularly> the invention, rclittaa to a process for 
the manufacture of 61 calcium 3i:u.cat& alpha nydrate. 
Still more particularly, the invention relates to a 
process jfar the manufacture or di calcium silicate alpha 
hydrate Khez'elii aubsfcantiaily no additional jnuteri&le 
or contaminants ixvt -formed. The product obtained hae 
found very BXi'ectivc uae ae a flatting agent for clear 
lacquers* 

Because of' It a importance In the curing of 
Portland cement a and other fields the calcium oxide- 
ailicon dioxAde-watar ay a tern has recelvad considerable 
attention in Una technical field a during the past 
several decades* Several <3 If re rent method a have been 
deviled whereby synthetic calcium si 11 oat ea art com- 
nterciaily .produced. r Jhe two moat prominent methods 
or synthesis are the precipitation m&tnod and the 
hydrothermal method. 1'he former method generally 
result? in th<* production of an amorphous type cal&iufli 
silicate and la accompliBhe^ roactina a calcium salt 
auch as caloium chloride vrith a water solution of an 
ajka.ll silicate such as sodium silicafca. A precipitated 
oalclum silicate a?eaulUa. 

On the other hand, several cryafcallograpJrtoally 
different hydra ted calcium silicate phases have tean 
prepared by hydro thermal methods or synthesis. This* 
react! on 1e effected under high, temperature by causing 
a CaO source j auch as liraa, to reaot vflfeh a Si0 2 source, 
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auch aa dlcttom&^QUs oarth, in the pra3&ncte or wate* 1 - , 
Compounds covering oaluiutn oxide to eiTUcon dioxide 
ratio* of 0*2 to 3.0 have aocn produced by the many 
worJcoro in thia fioia. Wwn lime and sili&a. (amorphous 
or crystalline) are reaoted nt ct Ca0/SiO £ snol ratio 
of 2 with Ri\ excess or water in the temperature range 
of ifiO'C, to 300*0., only pus the rmodyo*urtlu ally stEtblfc 
phaae is forma fi* This phase lo idenUo*a in all proper- 
ties to tiw mineral hillebrandlte end has the compoai- 
fclon SOaC'SiO^'figD. It ia a2eo properly con&idei'*ul to 
have the formula CaglSiC^OHjOH. 

Another fcherraodynaniically unstable phaaa 
having e&eentially the same chemical composition aa 
hllicbrandite wa.a di&covered ao a by-profiuct in port- 
land cement which had been steam cured In the tempera- 
ture range of 1]30 to 175°D. This phase iB entirely 
different rro*i the mineral hillebrandite in its optical 
properties and has a X-ray diffraction pattsrn different 
from any otter hyfirated oalclum silicate* f J!hi& p-hajo 
ha a been given the name dlc&lolum silicate alpha hydra be- 
Th£ resulting atructure can be described as orthoThomtoli; 
prlams whioh are colorless and transparent with a Intffcer. 

Since the tinva oT Its discovery, var^OU* 
workers haY& demonstrated that the alpha hydrate can 
ftfc prepared iai good yields by hydrolyaia of beta oa^clum 
silicate i 2Da0-Si0gj over a 'temperature range of 3.40 
to 2O0°c. They havo also shown that th& hydrolysis of 
bricaloi-um oilicate, SCaO-SAO?, over the temperature 
range of 320 to £O0 c C. $ivea ffjixtureB of calcium hydroxide 
and di calcium allioafee alpha hydrate. 
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HoHyver.s t/o nft r Icnowl&d&v qd one hao to tiJiJ.ft 
date uuoeceacd Atrj #reparkos the alpha hydrate in £0o3 
yield by fete direct hj-<lrothermal ve^ction of uillcoti 
dioxide., in Kiiy or ita physical Povrns, with calcium 
hydroxide One attempt hap been racoMed using a lime 
So fjlllca rfctlo Oi' at a teinpejr-atiuTD or 2D0 D C, but 
tte time coniiujiusO ttiiourjteci to 2ft tiny 3 and with the 
result that ow'ly a brace or dl.calolujn silica tc alpha 
hydrate vwb formed In addition to several other produot&- 

It is therefore the primary object o* ttua 
Invention to provide a method of hydrothe rmally producing 
diu caelum silicate alptia hydrate whereby Rood yiclde are 
obtaliJBd , 

It is a further object or tMs invention -be 
provide a method of efficltiiiWy proiuciivg dlRH-lcUum 
silicate alpha hydrate in & siabauarjtl&liy uacont&rjiljiafced 
cgndltlon . 

It \s PtUl uuufchor object of thla Invention 
to provide a method oi' producing dividual silicate 
&^pha hydrate under controlled reaction co/idltlonc where- 
by the production or other hydrated calcium silicates 
i s reduced to e. minimum. 

It is another object of thi.a invention to 
provide a dl calcium si !\lc * to alpha hydrate tfhlch pocseB&es 
propor-tiieo useful Ijj commercial fippllcafciojiii , 

Other objects aix$ further a cope or applicability 
or the pre&ent invention Kill become apparent from the 
detailed dencriptHon given herslriai'ter; it sHop.14 he 
united tood j howevevj that the detailed daticrtptlovj, 
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j •jrtri.io indic&tinfc [wet'wv&ri embodiments of the invention, 

8 .la ftlveti by way of iZLlustratl on only, since various 

5 chaoses and moS.iJi.CB'M ons within the aplrlt axiCi &cope 

4 of the invention wSJA becnm© ttppzLTenti to thoce skilled 

* in tbe art from Ws detailed doaciMptiuu. 

7 Ifc hao been dtoooveraS that the production 

3 of aub a bant A ally pure alpha hydrate calcium silicate 

9 ia offe&Ued when the hydrotbermal reaction of calcium 
hydroxide arXA aillea ie carried out in tiic presence of 

11 a JMJiall amount; or sodium hydroxide ox- aodluifc fluoride r 
i£ Tfie use or o odium hydroxida or a odium fluoride 

to promote the formation of the metaatabTo phase of the 
di-calciiflii a^pha hydrate 1& believed to be unique in tbe 
art. iferocoi'ore reagents of thla type have been, oon- 
aidered to ha simple catalysts which had no influence 
on the product which would be formed. 

It bas been further determined that the 
various reaction conditions, £-iS«i ternperatuxe , mo3, 
ratio, etc., may be controlled within preferred ranges 
to glvo the most favorubia formation of the end-produKt- 
jSffiTAILRD PES CRIFUOH OP I'KVBNIQOM 
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Uorli wau carried out in the laboratory to 
^etermlrjQ bh« proper reaction fjonditiona to prodxi&e 
eubsta^tiEtX yields of dicelc-ium silicate alpha hydrate. 
'The CaO/310^ cnql ratio varied over the range of 
ah out l.J> to about and temperature h uKiplcOyeci above 
tibout l&O'C, In bo r*ttxclH/^ these two basic constituent*, 
the a]j)hft hydrate form a3.wayta appeared ar*on& the 1'lvml 
reaction products hut only i.n nd-nox amounts, fluvtiier, 
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even Rt a moj ratio of' exactly 2:1, the compound, 
although alwciyi* pi^eaonb, always contaminated with 
other hyrtvfctod caHcium si locate a. 

Work. wji& then conducted In accordance uibh 
the Jttfctdnb invention, wherein. aw*JU. amount* o:T &odlUJ!J 
hydroxide or sodium fluoirl.de were added to the hydro- 
bhAAna^ mixt;uv« of Bilica and calcium oxide uoiibaiiiliig 
materials. 0!hris new reaction produced u uprising rosullua 
in tfiat the final product wa& a substantially uncon- 
baminaten Alpha hydrate^ calcium silicate. 

With regard to the reaction conditions uocd, 
temperature above lfto°c. with corresponding reaction 
times up to about A hour a are preferred, Higher fcojupiEPfc- . 
tures re unit iu a tauter reaction .rate with bho upper 
Unfits being set by the pressure which the reactor car* 
vi that and. The CaO/SlO^ rnol ratio la pj-urersibly within 
the range or 1.6^2,2 Uo produce the leasli contaminated 
produot . 

VarioiiD oourceo oi* this reactanfca ton be used . 
Kit A regard to the Gilicon dioxide, any sill ubdub- like 
matswisTi. fchish contain substantial amounts of silica 
that is capable of reacting Kith an alkaline earth hydroxide 
ie applicable* £xaiTG?les o.f such material* are cailca sand, 
&.\licfi Rel, diatomaceouB earth, or the like- 'llie amorphous 
type of the silica i& preferred, however, because or its 
higher reactivity. The uBual aource or the calcium 
hydroxide in its reaction with Bilica may lie used, Suoh 
material e include qvjLck lime, wet or dry slaked l^-m.s 
etc . 
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■tfho sodium hydroxide or sodiw fluoride msy 
be added in amounts of pettfaun about 0,10 to 10- or 
irtftfe. by wcijsht of fcha reaetants with due considoratlon 
bDing fii'/en when higher amounts aro employed to eide 
reactions airi the; possibility of contaminpnts- 1 have 
found aooufc 2,0$ to about; 3 -OJS by weight of the react'arjt» 
to be- off active as wq"U aa praoticaV 

At* the totitlal atcjp in the process, finely 
di'/ided lAn» and aJQ^CK tn-G uuepentfed In at least Oiiou/in 
water to form a pumpfcb^e slurry- The llnse and aiHt-a 
may be suspended individually or thsy may be bieuelecl 
before pnwJji* into the reaction vesdfcl. Wie podium 
hydroKldta or eoa.imm fluoride may bo added with cither • 
of the component^ qt lfc may be added individually, 
fcttcetfiaa mixture of obe two xnay be uaed r 

?he following <sxainple» illustrate the Invention: 

A slurry or silica wraii prepared by mixing 
finely ground dl stoma ceous efirfch with water no that the 
slurry contained 0,87 lb, ^ollde pex gallon. JV olurxy 
of hy titrated lime was prepared by mixing hydrate a lime 
with water &o that the slurry contained the equivalent 
of y.hi ibB. of cao per gal Ion * The lime slurry an.so 
confc&lned 4*3 lbs. of NaOK ,per 1000 lbs. of OaO. Que 
thousand two hundred and fifty -eight gallou& of the 
diatoTuaftecua oar to. fclucry were pvunped Into the reactor 
where it was he ate S by direct injection ol' JEiteam, Water 
was used to fluch the feed lines. Then 1*180 gallons of 
the lime slurry were punipoti into the reactor, likewise 
followed by water to flush Uha lines , T^c reaction 



■ V;'- :*. 
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1 veufDel tfas continually a^itatod and held at th.e denied 

2 temperature of £32 °C, by ln 4 i lotion or steam. The 

3 slurry waa reacted for one hour ami ton minutes at 232*0, 

4 unci dl^hciivjieid through a roollug s^utetfl Into an 

s appiyopvAfitts lo Lite tine tank. The sullda were filtered 
fl .from the ssLuri'y and then air dvied ana ground. The 
7 .OjilBhaiS product vas identic e>d as dlu&lciiM Billuato 
6 j alpha hydrate by X-r&y ctli'.vractJsOn and haci the follotflufc 
& physic 9*1. properties, 

10 Bulk do as l by 13-7 2b -/fb. 

Gardner- CcO.&man 

water adsorption 235J5 
pll or 1QJP slurry 10. 0 

Wet density 20,3 J* ./ft. 
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'Die eoiairtple was rerun uoing frodViun fluoride* With cuh- 

ubunbliUiy the wmo reaulUa- 

15 1 It should appreciated that trie procedure 

is 
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outlined in Rxarole I iti no way 2iial.t8 the Invention to 
b-lieac portion A co-ndlfeioas. Alternative znethodfc of 
halting and orSe* 1 of addition of the rear, bun bo to the 
rsttiifcor could have boon used. Basically , UJie process 
xaqulreEi that the proper amount* of hydratcd lime and 
re^ctix'iD i5ll lea be re untied in a water mpdluhi at tne 
de aired temperature Por the required period of time. 

'The dSctacluwii oilicate alpha hydrate vhlnh in 
produced hy the i^roceBB d-«B«ri&ed 3n Rwuple 1 »tiuwo 
gooS per f orniance as a flatting agcut lV>r furniture 
lacquers. ( 10yL& appl3.oe.tlon ia illustrated by Simple II- 

One hunSrod crams of tha diealciuro silicate 
alpha hydrate, as prepared in Examples I, were mixed with 
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ill h sum cAg nt quantity oi a clear tiitvocelluloee lacquer 
Z hpue to IM oJ- vehicular :<olld&, Bufrle^ftnt; 
& I row?* thinner -mci added bo thin the mixture to a 
4 vLfccosflliy Of about XOOO cunblpoiaea - s mlXtUX'e *a:l 

£roui*i in a ball mill wtAl Che oVLcaacaum silicate ulplw 
hydrate had reached ft Jto&wi rinerwsi* or S-V a ■ * ftE?r 
grind J.n&j auixLcioit cleur lacQwr baee was added to 
raduce the air.oimt or di&alcioni climate alpha hydmtte 
to lcjt by vftilght of mo lacquer vehicular soUds, 
Sui'l'Acient Wilnner was fchen added Uo reduce the 1'latted 
lacquer to spraying vie coal by (50 ceiitipo-ises) . 'ihe 
formulation was bhoti epj?ayed on a tcaU pajiel a^l dried 
l.n t;tic ueual rammer. 

After drying tht> lacc^ueic film was found to 
havft B«biBl'actovy toaA&parency and gave a Gardner 60* 
u peculiar aloes reading of 15 * 'i'tie liquor was tested 
without tfce dVoalclucn ftilioaCo alpha hydrate and save 
a, G&vdiioi* reading or betveeo. $0 and 60 with a perfect 
mirror reading; being 100, 
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EXCUTSJVE FROPBRTW OR PRIVllME IB CLAIMED ARE IflU'IHED 
AS POLLOWSs 

1. A method of hydrothsrmal}^ producing dlcalc'ium 
g 1. Id. c ate alpha hydrate cotiipr italic uydrothermalily valeting 
o Hi con dioxide a ckIcAiku oxida producing material 

in the pre Bene & of a compound a slacked from the tfroup 
eotmlofclng of ftodluiit hydroxide i»jd aodiuni fluoride* 

2. A method or hydro thermally producing di&&lo±um 
fllliQEifc* alpha hydrate oonyprlainfi hydrotaermally reacting 
ailioon illosrlLEe and calcium orJ-ds ptftiduciug material in 
the px^sencG or a compound &eler.t«sd irons the group 
consisting of sodium hydroxide and sodium fluoride 
wherein a OaO/BiO^ mol ratio rroro about "U5 to about 

is used. 

3. A method or EiydrothOTwlIy producing di calcium 
oilicate alpha hydrate comprising hydro thermally reacting 
silicon dioxide and caleAum hydroxide in the presence or 
a compound selected from tih& group consisting of sodium 
hydroxide and sodium riuovida wherein a abaction teuipera- 
turo of above about 160*0. in used, 

4. A method a** dcaurlbed in claim 3 wherein about 
2 to about 3?' by weight or the rea&fcantsj of the* added 
compound ift employed.* 

15- A method nt hydro thermally producing d± calcium 
uilic&tfc alpha hydrate r,ompriiiln|» hydrothermally reacWnc 
calcium hydroxide Eind Elllcon diocKldfc in a CaO/SlO^ mci 
ra&lo or fisl in the prefyenoe or aDout 2 to *hoixt 3# by 
xelght of the waci5&nfc& of a compound selected I'rum fcJic 
group cons+laUlAis of »0!5:lum hydroxide mid uouMuin fluoride - 



.10 
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6. A method orC hySrcjbhErririally produoinR a i calcium 
3^3:l.«ftUa alptia l*ydrate coitiprisin^ hydro Uhurnaally reacting 
silicon rttoxArte aud cfclolum fiy epoxide the preJDUCC Of 

a odium tty^Tox.tde 4 

7, A mtt&tod or fjydrothem&Uy pTDducing dl calcium 
sl3LJ.oafce *lpha hydra too comprising Inytoatbfirrntilly' .rsac thrift 
si.XJ.oot3 i3ioxJ.de and csaclum JvdrWi.de in the presence of 
sod.Vucn .f^ovide* 
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